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Intelligent Seaiina System 

This invention relates to mechanical seals, which are fitted to rotating 
equipment in virtually all types of industries. 

5 

A Mechanical seal comprises a "floating'* component which is 
. mounted axially movably around the rotary shaft of, for e)^arriple, a 
pump and a "static" component which Is axially fixed, typically being 
secured to a housing. The floating component has a flat annular end 
10 face, i.e. its seal face, directed towards a complementary seal face of 
the static component. The floating component is urged towards the 
static component to dose the seal faces together to form a sliding 
face seal, u^alfy by means of one or more spring members. In use, 
one of the floating and static components rotates; this component is 
15 therefbne referred to as the rotary component The other of the 
floating and static compGnents does not rotate and is referred to as 
the stationary component. 

Those seals whose floating component is rotary are described as 
20 rotary seals. If the floating component Is stationary^ the seal is 
referred to as a stationary seal. 

If the sliding seal between the Rotary and Stationary components are 
assembled and pre-set prior to despatch from the Mechanical seal 
25 msntrfSGturlng preiT^ises, ths induEtry tsrminc!c2y fcr this Is 'csrtrfdg^ 
seal"- If the Rotary and Stationary components are despatched 
individually (unassembled) from the Mechanical seal manufacturing 
premises, the industry tenninology for this is "component seal". 

30 Mechanical seals are used in all types of industries to seal a variety of 

different process media and operating conditions. The,, general 

Industry term which defines the area adjacent to the process media is 
"inboard**. The industry temn which defines the area adjacent to the 
atmospheric side is "outboard"; 
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RFiD technology is used in conjunction with a data storage unit, 
typicaify a RFID storage chip. Said data storage unit contains data, 
which may be of use to the user. Such data may include product 
5 expiry date and/or product serial number. It Is considered self 
explanatory that the design of the invention may also be applied with 
RFDC (Radio Frequency Direct Communication) as well as any other 

10 The data storage unit is located in the product. RFID technology 
allows the user to scan the data storage unit, from a distance, to 
access the information relating to the product. 

This technology is ideal for complex products, which contain muftipfe 
15 options or configurations. The multiple options could be products with 
differsnt colou;?, shapes, sizes, materials or specificatlOfis. Or Idealiy 
assembled products, which essentially look the same in appearance 
(from the outside} but contain different materials Inside. 

20 For the purpose of this applicatiun, products with multiple 
configuration options are temied as "complex assemblies''. ^, 

Some data storage units are limited to "read" information only. These 
may be employed with complex assemblies in bar coding s^tems. 
25 More sophisticated data storage units have ''read" and "write" 
capabilities. 

Intelligent Sealing system 

Rotating equipment includes pumps, mixers, reactors, agitators, 
30 basically any item of equipment which pumps or mixes a product 
media- 
All items of nutating equipment need sealing to prevent the pumped 
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medta. 

The invention is described with the aid of the following drawings. 

5 Figure 1, illustrates a typical rotating equipment assennbly, such as a 
centrifugal pump, fitted with a single rotary cartridge mechanical seal 
of the invention. 

Figure 2 corresponds to Figure 1 and shows an enlarged partial cross 
10 section of the single notary mechanical seal of the invention. 

FiguPB 3, con-esponds to Figure 2 and shows an enlarged view of the 
stationary seat face strain measurement device, which by way of 
example only is an anti-rotation pin with strain / resistance gauge 
15 attached 

Figate 4, corresponds to Figure 3 and shows an enJargi^ view of an 
alternate stationary seal face strain measurement device, which by 
way of escample only is a strain / resistance gauge attached on or n^r 
20 to the drive slot, , 

"r 

Figure 5, corresponds to Figure 3 and shows an enlarged view of bt} 
alternate stationary seal face strain measurement device, which by 
way of example only Is a linear gauge attached on a spirt drive ring. 

25 

Figure 6, shows a partial cross section of a double stationary seal 
with, by way of Kcample only, an alternate seal face sensor • 
arrangement. 

30 Rgure 7 c6nre$pohds to Figure 2 and shows an enlarged view of the 
drive screw with strain gauge / resistance attached. 
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Figure 2 corresponds to Figure 1. From Figufe-2, of the Inventfon, the . 
rotary and axially floating seal face (11) is spring biased towards a 
static stationary seai face (12). The rotary seal face (1 1) Is aflcwed to 
5 slide on the static seaf face (12). The interfece between the rotafy 
seal face (11) and stationary seal fac«9 (12) forms sealing area (13). 
This sealing area (13) Is the primary seal that prevents the process 

media f 14^ from eJ^caninn fmm th« nmr^eo r-\r>i»rjr,Uaw 

10 In addition to the sliding seal fece (13). the process media (14) is 
seaCed by a sleeve elastomer (16) in contact with the shaft (17) and 
sleeve (1 8). This hag been tenmed the first secondary sealing area. 

The second secondary seeling area is formed between stationary seal 
^5 face (12) ar>d stationary gland plate (19) using elastomerfe member 
(20). 

The third secondary sealing area is formed between the rotary seal 
face (1 1) and the sleeve (1 8) using elastomeric member (21 ). 

20 

The fourth secondary sealing area is formed between the giand.-plate 
(19) and the process chamber (15) using gasket (3). 

The four secondary sealing devices (16. 3. 20 and 21) and the 
25 piimary jSiiuirig seaHng inierrace (13) prevent the process rr^ra (14) 
from escaping from the process chamber (1 5). 

The static seai face (12) is prevented from rotating by at least one 
ant-ralational pin (22) mounted in the stationary member, fri this case 
30 a stationary pivot ring (5). The pivot ring (5). is held stationary to the 
gland pJate (19), by one or more anti-rotation features (6). The pivot 
ring (5) concept is further . described in our co-pending application 
US609,379. Clearly the inventfon is not restricted to a pivot ring 
design. The invention applies to any design containing an anti- 
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This system, of ths invention, essentially nneans that at periodic 
intervals, the force applied to the anti-rotation pin (22) can be 
recorded, time logged and saved on a RFID chip (29). This force can 
5 be evaluated against a benchmark force. Upper and lower force 
Idealfeeci linnits can be established for different applications. Measured 
force limits can be compared to Idealised seaJ sliding surface (3) 
forces and a precise assessment of the ssa! f3cs (13) Gonciit:cr:s can 
be nnade by the user. 

10 

From Figure 2, the RFID chip (29) is preferably embedded in the 
mechanical seat assembly (1). Since this chip (29) can be remotely 
read, the user does not have to be near the mechanical seal (1) in 
order to monitor the information contained on the RFID chip (29). Thfs 
15 wiil be further explain^ iater with reference to Ffgure 8. 

This inteliigent system, of the invention, can therefore provide an 
indicaton of whether or not the seai (1) is performing weii. Thiis 
information can be used in a preventative maintenance program, to 
20 provide an early warning of future seat (1) failure. An experienced 
reader wilt relate to the tienefits of such an intelligent sealing system. < 

"it. 

Figure 4, cx»rresponds to Figure 3 and shows an enlarged view of an 
alternate stationary seal face strain measurement device (200), which 
25 by way of example only is a strain / resistance gauge at^ched on or 
near to the drive slot (201 ) on drive plate (202). 

From Figure 4, the strain device (200) is pemianately attached to the 
plate (202), preferably by adhesive- However it is understood that any 
30 other suitable means could be used, ^inclucSng^ mechanical 
attachment- chernical attachment and/or physical such as welding or 
brazing. 
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chip (36). The axial displacement change fronn the linear transducer 
(33) is amplified by the amplifier (34) and a signal sent to the mrcro 
controller (35), The micro controller (35) poles the data by checking or 
comparing the sJgna; information to a benchmark reading and then 
5 date and time stamps it. 

The time-logged infermatfon is *en $aved on the RFID chip (36). 

r^\ifii^t\\f a roar! s»nc\ I5dr^ r^Hin f'^^\ id c»fT^r»l^t^'4aW e»!-> 

saved and retrieved from the chip (36). The two aforemesfitionsd 
10 examples clearly show how one or more mechanical seal faces can 
be precisely measured by one or more sensors to determpne the 
actual operating conditions at said seal faces. 

There are other parts of the mechanical seal, which would benefit 
15 from this intelligent system of the invention. Examples of such 

features are hersvyith described. * 


From Figure 2, the sleeve (18) is axlaJly temilnated adjacent to the 
clamp ring (41) which contains at least one drive screw (42) for 
20 securing the seal assembly (1) to the shaft (17). Said drive screw (42) 
provides rotational drive from shaft (17) to the rotary components \r\ 
the seal assembly (1). 

Occasionally the vibration from the rotating equipment can cause the 
25 drive screw (42) to become lose. This results in premature seal (1) 
failure which can be s very expensive pnDblem. 

This drive screw (42) loosening process typically occurs over a period 
of tame while the shaft (17) of the rotating equipment is rotating. Since 
30 the shaft (17) is rotating the drive screws (42) can not"be checked 
without stopping the shaft. This, in most circumstances, is not 
practrcai. Furthermore, if a plant has 30,000 pieces of rcjtating 
equipment, it is impossible to stop and check every mechanical seal 
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resistance for each strain gauge (45) positioned adjacent to each 
drive screw (42) is noted. This change in resistance can be con-elated 
to the torque applied by the user, for any size of drive screw (42), 

5 As previously described, the strain gauge (45) is connected to an 
annplifier (50) which In turn is connected to a micro controfler (51) and . r 
RRD chip (62), Said micro controller (51) and RFID chip (52) are 
moLinted In a leak tight capsule (53) and secured to the clarrrp ring 
(41). Cfeariy, said capsufe (53) may be sunk into the clamp ring (41) 

10 recess or hole, thereby preventing it from being damaged or knocked 
off- 

The resistance change from the strain gauge (45) is amplified by the 
amplifier (50) and a signal sent to the micro controller (51). The micn^ 
15 controller (51) poles the data by checking or comparing the signal 
information to a benGhm.ark reading and then date and time stamps it- 


25/10/^002- 



The time-logged infonnatfan is then saved on the RFID cWp (52). 
A^ln a read and write RFID chip (52) is employed. 

20 

This system of the inventbn could be used to allow the user to set the 
torque of each drive screw (42) to a precise displayed reading by 
using a remote hand heid device. This remote hand heW device will 
be described later with reference to Figures 1 1 to 1 5. 

25 

Since the foil strain gauge te secured on the clamp ring adjacent to 
each drive screw (42). if the drive screws (42) start to come loos© in 
operation, then a change in resistance will be observed by the strain 
gauge (46). This would be detected by the user alkswing the 
30 equipment to be stopped befbre catastnDphic mechanical seal failure 
(1). This is deemed to be considerably advantageous. 

There are many methods of which the drive screws can be monitored. 
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When the drive screw (SO) is secured to the shaft. (85), the proximit/ 
sensor (31) notes the proximity between it and the sensors on the 
drive screw (SO). If the drive screw (80) becomes loose, the proximity 
5 between sensors (84) and proximity sensor (81) wiH ctlange. This 
signal is again passed to an amplifier (B8), 3 micro-controlter (86) and 
stored on a RFID chip (87). 

The experienced reader wili note that ail types of sensor devices^ not 
10 Just strain / resistance gauges, proximity sensors or linear 
transducers, could be employed by the intelligent system of the 
invention. 

Sensory data acquisition may be collected using a number of devices 
15 for different applications. By way <3f example only, the following list 
illustrates typical types of sensors: 

- Temperature fluctuations using thermal sensors, 

- Pressure fluctuation using pressure transducers, 

20 - Force fluctuations using stress* strain and/or force transducers 

- Humidity using moisture sensors 
' Vibration using accelerometers 

- Resistively using resistance gauges 

- Movement using linear disF^facement transducers 

25 

The experienced reader will note that any sensory device can be 
applied to the invention. 

F^ra 10, illustrates a schematic of the intelligent sealing system of 
30 the invention. 

From Figure 10, it will be noted that signal^ from any number of the 
aforementioned sensors (100), located in the mechanical seal (101), 
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Figure 11, illustrates, by way of example only, ? series of components 
[|p situated inside a casing (111). 

The RFiD receiver (112) is connected to a RFID ariel / external 
5 antennae (113). The RFID receivar (112) receives the sensor data 
from the apphpaiion, which is stored in the RFID chip previously 
described. The RFID receiver (112) sends the data to a micro 
gontroHer (114). The micro Gcntrc!!er (114) sands ths information to a 
VFD display (115) which, is connected to a suitable power Supply, m 
10 this case a batten/ (116), The display (115) is also connecfed to an 
earth terminal (117). 

The micro controller (1 14) is preferably connected to one or more user 
control switches (118). Said switches (118) are connected to user 
15 control buttons (119) as shown in Figure 12, From Figure 11 said 
switches (1 1 8) are also connected to an earth termineJ (1 19). 

From Figure 11, the micro controller (114) Is connected to a power ^ 
swttch (120) which, if activated connects the circuit to the power 
20 supply (116) therefore providing user operating power to the micro 
controller (114). ^ 

Furthermore, the micro controller (114) is connected to an extemal 
EEP ROM (electrically erasable programmable read only memory) 

25 data storage device (121). which In turn is connected to the power 
supply (116) and earth tenninal (122). This allows the user to save 
collected data, then at a later date. said stored data from the storage 
device (121) can be transfen-ed through the 9 pin D-Type RS232 
serial conr>ector (123) to a computer or subsequent data processing 

30 device. Clearly, an alternate connector device (123) such as a 21 pin 
or 0 pin design, may be used where appropriate. 

Preferably, although not essentially, the micro controller (1 14) is also 
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The micra controller (130) Is connected to a power switch (131) which, 
if activated connects the circuit to the power supply (132) therefore 
providing power to the micro controller (130). From Figure 12, the 
5 power switch (131) is connected to at least one transistor (133). The 

transistor (133) is connected to at least two ROwer supplies, first is 

a solar cell (134) and the second is a battery (135). 

When the power switch (131) is activated, the transistor (133) 
1Q preferably sources power supply from the solar cell (134). In 
appHcations where there Is insufficient power generated by the solar 
cell (134), the transistor (133) sources power supply from the battery 
(135), until such a time when the minimum power level Is achieved by 
the solar cell (134). The transistor (133) then switches the power 
15 source to the solar cell (134) thereby elongating the finite battery 
(135) life. 

It IS self explanatory to an experienced reader that a rechargeable 
battery (135) could be employed in such a design of the invention. 
20 This thereby allows the solar cell (134) to recharge the battery (135) , 
when the battery (1 35) is not in use. 

In a design, of the invention, which does not contain a solar cell (134), 
as shown in Figure 11, the rechargeable battery (135) could be 
2S uiiarged by ourinecirng the device to an AC/ijC adapter or portable 
unit as found in most automobiles. 

Figure 13 Illustrates a range quantity of l^D displays (136). Figure 14 
shows that these can be positioned either side of ttie dispfay (140) 
30 allowing the user to visually display the sensored detail with respect ta 
the control limits (142) on the displayed screen. 

F/gufB 14, coMTesponds to Figure 13 and illustrates an alternate 
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attendant informatton is coirected via RFID or any suitable data 
transmission device (167). Said data is conb'nuously monitored (168) 
and <»ufd be saved to the database (164) as historical data. 

5 If the user has inputted or retrieved incorrect variable data, the user is 
directed back to the input area (163). , , 

The software alaorithm. of the invention 

[npui data against the data acquisition stream and/or history (169). 
10 The output (170) is then shown as a pnDcess health status. The 
software of the invention may then suggest possible remedial actions 
(171). or allow the user to print (172) and/or send the data to an 
alternate application (173). 

15 The output results are preferably logged in a database (164) for future 
□se- 
lf remedial action (171) is taken, or if data is entered Into the database> 
(164), the application retums the user to the item attendant 

20 information collected point (167). The user may reiterate collection, 
and storage sequences until such a time when the user wishes 1o ^ 
move onto the next piece of equipment to be measured^ >^ 

At such lime, the application sends the user to the variable entering 
25 point {163). 

It will be apparent to an experienced reader, tiiat the design of the 
Invention has considerable advantages in that the technology allows 
the remote monitoring of a gwen mechanical seal application so that 
30 tfie user can receive prior warning of pending problems. 

It will be further noted that the design of the inventton can be adapted 
for intr/nsicany safe applications also. By way of example onfy. to 
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inventory Identification, while ihe product is on shelf, or product 
tracking, should the product be used for a different applicatron which it 
was not intended for. 

The repair of the product"* may also be fully tracked. Occasfonalfy, 
during product repair conventional product idi^ntification marks are 
removed. As the invention has product identification stored on a data 

StoraOe Chiq. this could be mmildAH nr pinrlrv.e*a--r / oartfnr^W ;f,+o 

number of components within the mechanica! seaJ assembly. This is 
advantageous for product repair since the originaf infomiatlon. 
including the original manufacturer details, is a permanent element of 
the construction. 
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and a data storage device. 

a An intelligent system fn accordance with any preceding claims, 
where said sensor device is a strain measurement device which is 
5 pennanently fixed to a component of the sealing system assembly, 

said strain measurement device is connected to an amplifier and/or 
a micro controller and a data storage device. 

9 An intelligent system in 3ccardanc« with any preceding claims, 
10 whene said sensor device Is a linear measurement device which is 

permanently fixed or non*permanentty attached to a component of 
the sealing system assembly, said linear measurement device rs 
connected to an amplifier and/or a micro controller and a data 
storage device. 


15 


20 


10 An intelifgenl system in accordance with any preening claims, 
where said data storage device is accessed by a r^ote unit 
consisting of a display, and/or keypad and remote antennae or 
receiver. 

11 An intellrgent system in accordance with any preceding claims, 
where said data Is process by a software application with the 
sophistication to advise remedial process actions. 


25 12 A sealing arrangement In accordance with any preceding claims, 
which contains an axteliy split drive collar, one end of said spfit 
drive is preferably fixed to the stationary part of the arrangement 
and the other end of the split is non-permanently attached to a 
sensor device. 

30 

13 An intelligent sealing system In accGiding to claim 1 and daim 2 
and substantially as herein described. 
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